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ABSTRACT 
Evaluating the Availability of 
Organic Nitrogen in Soils 
by 
Saleh M. Romaih, Master of Science 
Utah State University, 1975 
Major Professor: David W. James 
Department: Soil Science and Biometeorology 
The main objective of this study was to evaluate the 
organic N in silty clay loam soil as an indicator of soil 
fertility. The incubation method was used in this study. 
The N03 ~N, the total N percent, and the organic matter were 
determined. The soil which was used in this study came from 
Evans Research Farm. The samples were taken from two different 
N experiments which were adjacent to each other. The soil 
samples were taken in October-November, 1973, after the crop 
had been harvested. These two experiments had different 
cropping histories. 
The results of the first experiment which had continuous 
corn for four years indicated that there was no correlation 
between the mineralizable-N and the crop performance, but 
there was a good correlation between the No3-N and crop yield. 
The results of the second experiment which had alfalfa for 
three years prior to corn indicated that there was a good 
correlation between N03-N and the crop performance and also 
there was a correlation between mineralizable-N and crop 
performance. 
viii 
It was concluded that cropping history could be used as 
a guideline as to whether mineralizable-N should be tested 
as an indication of soil N availability. In situations where 
the cropping history is unknown, N03-N could be used exclu-
sively since it was a good fertility predictor in both of 
these field experiments . 
(71 pages) 
INTRODUCTION 
As the population of the world continues to increase , the 
demand for food and fiber will also increase. Fertilizer 
technologists will be called upon to find some solutions to 
food and fiber production problems. 
Nitrogen (N) is the most universally deficient element 
for growth of nonleguminous crops. In normally developing 
plant tissues, N comprises a greater proportion of the dry 
matter than any other mineral element with the possible excep-
tion of K. It constitutes 12 to 19 percent of all proteins 
with the average being about 16 percent. 
The large increase in N fertilizer usage and costs in 
recent years has led to recognition of the need for reliable 
methods of measuring the N-supplying capacities of soils and 
predicting their individual N fertilizer requirements. 
More than 95 percent of the total soil N is in the organic 
form and only a small part of this fraction, approximately 1 
to 3 percent, is mineralized during the growing season by 
means of microbial processes. This mineralization provides a 
certain amount of N in the form of NH~ and No; which are 
easily accessible to plants. An index of soil N fertility is 
needed which will predict the plant availability of mineral 
and organic forms of N. This would serve as a guide for N 
fertilizer needs of soils. Other investigators have also 
suggested this need (1, 7, 13). 
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Most of the N which becomes available to growing crops 
each year is the result of mineralization of a small part of 
the soil organic matter by microbial processes. But the rate 
at which this mineralization takes place is dependent upon 
many factors such as temperature, moisture content, aeration, 
type of organic matter, and the total amount of N present. 
It is, therefore, unlikely that determination only of the total 
amount present will provide a reliable index of the available 
N supply. 
Successful fulfillment of the N demands of any crop must 
be based on a knowledge of {a) the internal N requirement, (b) 
the efficiency of the use of applied N, (c) the estimated 
potential yield and (d) the capacity of soil to supply N. 
Nitrogen may become available from mineralization of 
organic materials alone or from both mineralization and 
residual carry over from the various external sources. 
Fitts and Bartholomew (1 3) state that the objective of soil 
testing is to gain information for use as a guide in the proper 
use of fertilizers in order to obtain the greatest economic 
return for the money i nvested in crop production . 
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LITERATURE REVIEW 
Since about 400 years B.C. man has sought ways to supple-
ment nature's soil N supply by using saltpeter, barnyard 
manure , sewage, and green manure crops (47). This effort 
continues today, but it has been made much easier during the 
past 30 years by the introduction of synthetic commercial 
fertilizers containing N. 
Crop yields are dependent on soil N availability, and 
usually that made available to crops by nature must be supple-
mented by man where N deficiency occurs. Soil N use effic-
ciency by crops is, therefore, a vital factor in meeting the 
continually increasing demand placed upon agriculture for 
supplying the world's food needs. 
A test for available soil N was developed by soil scient-
ists at Iowa State University (13, 20, 45). It involves the 
measurement of No3 released during the incubation of a soil 
sample. The principle of the incubation is to provide the 
necessary time and environmental factors to mineralize a 
portion of the soil organic N. This principle is not new. 
Burgess (6) and Fraps (14, 15) were among the investigators 
who conducted tests in the ear ly part of this cent11ry as a 
means of measuring nitrification rates of various soils. What 
is unique about the Iowa method is its ~daptation for us e on 
a large scale, such as is required for ar.alyzing soil samples 
4 
from commercial farms. Although this method has been des-
cribed early by Fraps (14) and Waksman (48) as the quickest, 
cheapest and most convenient method, it should not be 
forgotten that the incubated soil samples are kept under 
entirely artificial conditions. The results of such ex peri-
ments are in no way comparable with the mineralization process 
under field conditions. In most cases the investigators tried 
to approach as close as possible to conditions ideal for the 
mineralization of organic substances in the samples. Such 
incubation experiments provide information about the potential 
mineralization power of the soils; whereas under field condi-
tions, the real mineralization capacity prevails. 
~lost of the chemical and biological methods proposed 
during the past half centruy for assessing relative N supplying 
capacities of soils have been discussed by Allison (l) Attoe 
(3), Bremner (4), and Harmsen and Van Schreven (19). These 
encompass much of the literature pertaining to development 
and evaluation of N availabilty indexes up to the year 1964. 
Several studies published more recently attest to the continued 
interest in evaluating soil N availability (18, 22, 25, 26, 
33, 35, 40, 43, 44). 
The me 'thods involving estimation of the amount of mineral 
N formed during incubation have been extensively employed, 
and they have been generally considered by some people (4) 
to be the most satisfactory of the methods currently available 
for assessment of the potential ability of soils to provide 
N for crop growth. 
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Cook et al. (7) showed that the r esults of the incubation 
procedure as proposed by Stanford and Hanway (45) were closely 
correlated with yield response and uptake of N by wheat o n 
several soils in Saskatchewan . Other workers (2, 7 , 12, 13, 
15, 45) have reported a good to excellent correlation between 
crop responses and e stimates of available N using the incuba-
tion method for nitrifying capacity. 
Until recently the concept that soil min e ral N was not 
a good index of N available for crop production wa s widely 
accepted . Probably because a sma ll quantity of inorganic N 
occurs at a given lime, a nd also the mine ral N fluctuates over 
a very wide range in some soils. Scarsbrook (37) states 
"although nearly all available N is the NH~, No; form, the 
amou nt in the soil at a given time is a poor indication of the 
N availability to c rops during the growing season." But some 
of the recent work on soil N availability indicates interest 
in the use of the mineral N as an index of N availability. 
Soper and Huang (42) found a high correlation (r = .95) 
between the grain yield and No3-N initially present in the soil. 
Nelson, Early, and Mortensen (29, 30, 31) found high correla-
tions (rang e up to r 2 = 0.90) between soil test N03 -N (in the 
0.6 foot or less soil depth) and crop yields for wheat, corn, 
and hops under irrigated conditions in central Washington. 
Accordingly, they proposed soil test indices of N03 -N <>s ~ 
means of es timating fertiliz e r N r e quirements for these crops . 
James et al. (23) have shown that nitrogen uptake and sugar 
6 
percentage of sugar beets in central Washington is highly 
correla t ed with total soil No; to a depth of 5 feet. Herron 
e t al. (21) found that in Nebraska yields on plots of unferti-
lized corn were highly correlated with residual No; in the 
soil profile. In Iowa unde r non-irrigated conditions White , 
Dume nil, and Pesek (49) and White and Pesek (SO) found 
correlations as high as 0.945 between N yield of oats and 
N03-N in the soil profile 0-21 inches layer. Legg e tt (27) 
reported on 62 experiments with winter wheat under non-irrigated 
conditions in eastern Washington. The relationship betwee n 
available N (No3 -N and f e rtilizer N) and the yield of wheat had 
a correlation coefficient of 0.74. 
Study of N03-N as an index of N soil fertility has been 
underway for s evera l years in Utah. Reports on some pre-
liminary results have been made by James and Johnson (24). 
Also Muir (28) found a good correlation (as high as .96) 
between the percent total N in the whole plant and soil N03-N 
where the soil samples wore taken in the spring and up to 
.84 when the soil was sampled in the fall after the crop was 
h a rvested. The evidence indicates that N03-N has considerable 
potential for predicting N fertilizer needs. The objectives 
of this thesis include the evaluation of other forms of soil 
N a s fertility indicators to ascertain whether soil fertility 
can be predicted with greater precision. 
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OBJECTIVES 
In order to investigate the mineralizable-N in the soil 
as it relates to crop growth, a study was designed which had 
the following objectives: 
1. To estimate the mineralizable N in the soil. 
2. To correlate mineralizable N with crop performance. 
3. To correlate the N03-N with crop performance. 
4. To compare the nitrate-N with the mineralizable-N. 
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METHODS AND MATERIALS 
Mineralizable N and its role in 
evaluating N availability 
There are different ways for determining the availa -
bility of organic N. These methods can be subdivided into 
three groups: field trials, pot experiments , and procedures 
for incubating soil samples in the laboratory (19). Each of 
these approaches to the problemhaveadvantages and disad -
vantages. Field trials are the most direct methods, and th e se 
provide reliable results, but they are laborious and time and 
space consuming. They are, however, subject to various exter-
nal influences such as climatic variations among seasons, and 
influence of previous crops and treatments. Pot experiments 
may be compared with field trials. They are fundamentally 
affected by the same shortcomings as the field trials, though 
the external conditions can now be better standardized. 
The nitrification (incubation) test has been described as 
being the quickest, cheapest, and most convenient biological 
method. 
Mineralization of organic N 
Nitrogen mineralization is the conversion of organic N 
+ - -to the mineral forms NH 4 , N03 , N02 (47). The mineralization 
of organic N takes place in essentially three step-by-step 
reactions: aminization, ammonification and nitrification. 
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The first two are affected through the medium of heterotrophic 
microorganisms and the third is brought about largely by 
autotrophic soil bacteria. The heterotrophs require organic 
carbon compounds for their source of energy. Autotrophic 
organisms obtain their energy from the oxidation of inorganic 
salts (e.g. NH 4Cl) and their carbon from the carbon dioxide 
of the surrounding atmosphere. 
Aminization 
One of the stages in the decomposition of nitrogenous 
materials is the hydrolytic decomposition of proteins and 
the release of amines and amino acids. This step is termed 
aminization and is a result of the activity of heterotrophic 
organisms. It is represented schemetically by the following : 
Protein~ R-NH 2 + co2 + Energy + Other products. 
Ammonification 
The amines and amino acids are further utilized by still 
other groups of heterotrophs with the release of ammoniacal 
compounds. This step is termed ammonification and is repre-
sented as follows: 
+ R-NH 2 + HOH~NH4 + R - OH + Energy . 
Nitrification 
+ Some of the NH 4 released by the processes of ammonifica -
tion is converted to N03-N. This biologica l oxidation of 
+ 
NH 4 to N03 is known as nitrification. It is a two-step 
process in which the NH: is first converted to nitrite (NO;) 
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and thence to nitrate (No;). Conversion to nitrite is brought 
about largely by a group of obligate autotrophic bacteria 
known as nitrosomonas by a reaction that can be represented 
by the following equation: 
2NII~ + 30~2 N02 +H 2o+ 4H+. 
The conversion from nitrite to nitrate is effected largely 
by a second group of obligate autotrophic bacteria termed 
nitrobacter. The process representing this reaction may be 
written as follows: 
The most important factors affecting nitrification in 
soils are: + supply of NH 4 ion, population of nitrifying 
organisms, soil reaction, soil aeration, soil moisture and 
temperature. 
Location 
This thesis study is an appendage to a larger project 
that had been in progress for several years . The field 
site is located at the Evans Research Farm of the Utah Agri-
cultural Experiment Station. The soil there is Aquic , Argiu-
stall, fine, mixed, mesic, Nibley silty , clay loam (See 
Appendix A) . 
Two adjacent experiments involving residua l soil N had 
been underway for three years. One experiment had been in 
continuous corn with N fertilizer rates, forms , and tim•JS of 
application as the controlled variables (Table 1) . The other 
experiment had been in alfalfa for three years. The alfalfa 
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Table 1. Residual N study - Evans Farm Plot treatment historya 
Treatment No. Fa11b 
1972 
l 0 
2 0 
0 
4 100 
5 100 
6 100 
7 200 
8 200 
9 200 
10 200 
11 200 
200 
Springe 
Pounds N/acre 
0 
100 
200 
0 
100 
200 
0 
100 
200 
0 
100 
200 
Springd 
1973 
0 
100 
200 
0 
100 
200 
0 
l'"lO 
200 
0 
0 
0 
a During 1970 and 1971 field was uniformly cropped to corn 
silage in order to reduce residual N levels. 
b N as (NH 4 ) 2so4 except treatments 10, 11 and 12 which were Ca (N03 ) 2 . 
eN as NH 4No3 sidedressed on 6/13/72. 
dN as NH 4No3 sidedressed on 6/4/73 . 
All treatments were replicated four times . 
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stubble was plowed down in the fall of 1972 and corn was 
established in the spring of 1973 together with N treatments 
of 0, 50, 100, and 200 lbs N/acre with four randomized 
complete blocks. The treatment affects on soil N and corn 
yield and quality are detailed in various Agriculture Experi-
ment Station annual reports. 
Soil sampling and analysis 
The soil samples were taken in October - November, 1973, 
after the plant had been harvested. Although it seems to 
be generally accepted that samples for estimation of minera-
lizable-N should be taken late in the winter or during the 
spring (19), many papers reporting mineralizable-N data do 
not indicate the time or the method of sampling (4). Eagle 
et al. (10) reported that the November samp l es gave test 
values for the measured N03 supplying power of the soil simi-
lar to those for the same soils sampled the previous May. 
Other investigators sampled during the fall {5, 11, 46, 28). 
The soil samples were taken randomly from each plot 
by using a soil probe. Twenty cores were taken from each 
plot to a depth of 0-8 inches. The cores were mixed and 
transferred to the laboratory by using plastic bags inserted 
into paper bags. The soil samples were dried by spreading 
moist samples in a thin layer on paper in the laboratory and 
allowing them to dry at 20 to 25°C for 40-50 hours. The air-
dried samples were crushed to pass a 2 mm screen. 
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The procedure of Bremner (4) which involves an estimation 
of N0
3
-N produced by incubation of soils for two weeks at 
30°C was followed in this study. 
Principles of test for mineral-
izable-N 
The soil sample was mixed with three times its weight of 
coarse sand moistened with water (6 ml per 10 g of soil) and 
incubated at 30°C for two weeks under conditions which insure 
adequate aeration of the sample without loss of water. The 
amount of N03 -N in the incubated samples was estimated by 
extracting the sample with 2N KCl and determining the NH 4-N 
liberated by steam distillation of an aliquot of the extract 
with MgO and Devarda alloy. The amount of N03-N in the soil-
sand mixture before incubation was determined by the same 
procedure, and mineralizable-N in the soil sample was cal-
culated from the difference between the results of these two 
analysis (See Appendix B). 
Determination of total N present 
1.n the soil 
The Kjeldahle method (4) was used to determine the total 
soil N. The N in the sample was converted to NH~ .by digestion 
with concentrated H2so4 containing substances (catalyst) 
which promote this conversion, and the NH 4 is determined from 
the amount of NH 3 liberated by distillation of the digest with 
alkali (See Appendix B). 
Measuring the organic matter in 
the soil 
The procedure which was used for measuring the organic 
14 
matter percentage of the soil was by measuring its OC content 
(38). The procedure for measuring OC ~volves the oxidation 
of OM with dichromate solution and then measuring the excess 
dichromate with a reducing agent (See Appendix B). 
15 
RESULTS AND DISCUSSION 
Long-term corn experiment 
Table 2 contains the results of the mineralizable-N of 
the soil which received different N treatments. There was no 
significant difference between treatments as the analysis of 
variance in Table 3 indicates. 
Table 4 presents the results of the N03-N of the soil 
before incubation. These results are for the same samples 
which have been used for estimating the mineralizable-N as 
indicated in Table 2. There was a significant differenre 
between the treatments as indicated in theanalysisof variance 
in Table 5. 
Related results for these samples are represented in 
Table 6 for the OM, the total N and the resulting C-N ratio 
of this soil. 
Table 7 contains the harvest results for yield of total 
corn plant as fresh weight, pound per plot. Table 8 contains 
the analysis of variance for these data. There w~s a large 
treatment effect which is largely attributable to 1973 spring 
N treatments. 
Table 9 contains the corn dry weight pounds per plot as 
related to treatment and replication together with the analysis 
of variance, Table 10, and there was a large treatment effect. 
Table ll contains the percent of N in the harvested 
material with its analysis of variance, Table 12. The treatment 
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Table 2. Results of the mineralizable-N in soil at Evans Farm. 
Long-term corn exper iment 
Treatment ~~_p!_~~!i <;>ns !J2pm) 
HHml•t:::!r ? 1 'I'• ll n I Mt:nl, 
~----
1 17 .4 2 25.75 15.91 12.87 71. 95 17.98 
2 29.38 15.91 21.20 13.63 90.12 22.53 
3 26.51 24.99 31. 05 27.26 109.81 27.45 
4 21. 97 37.87 26.51 21.21 107.56 26.89 
5 26.50 28.78 7.57 12.11 74.96 18.74 
6 15.91 27. 51 12.12 14.39 69.93 17 .4 8 
7 24.24 26.51 25.75 18.93 95.43 23.85 
8 15.90 28.02 22.72 25.75 92 . 39 23.09 
9 21. 21 27.26 20.45 31.81 100.73 25.18 
10 20.45 12.12 20.45 8.49 61.51 15.37 
11 34.84 15.15 21.21 23.48 94.68 23. 67 
12 17.42 15. 91 25.75 10.61 ~- 17.42 
Total 281.75 285.78 250.69 220.54 1,038.76 
Mean 23. 4 7 23.81 20.89 18.37 21.63 
Table 3. Analysis of variance 
Source of 
variation dF ss MS F 
Total 48 24,992.7 
Mean 1 22 ,479 .63 
Rep. 3 231.74 77.24 
Treat. 11 727. 53 66.13 1.4 
E. Error 33 1,553.8 47.08 
CV - 33 percent. 
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Table 4. Results of the nitrate -N in soil , Evans Farm. 
Long-term corn experiment 
Treatment ReJ2lications <EEml 
number 1 2 3 4 Total Mean 
1 8.33 4.54 3.02 10.6 26.49 6.62 
2 5.30 18 . 17 11.36 9. 84 44 . 67 11.16 
3 15.14 16.66 13.63 17 . 42 62 . 85 15.71 
4 6.05 6.05 7.57 7.57 27.24 6.81 
5 14.39 8.33 14.3 9 14.39 51. 5 12.87 
6 18. 93 13.63 15 . 9 11. 36 59.82 14.95 
7 6.05 6.81 5.30 10.6 2fl.76 7.19 
8 16 . 66 14.39 10.6 12.87 54.52 13 . 63 
9 18.93 14.39 19.69 24.23 77.24 19 . 31 
10 5.30 7.57 7.57 9.84 30.28 7.57 
11 7.57 12.87 6.81 2.27 29.52 7.38 
12 5.30 6.05 7.57 12.11 31.03 7.75 
Total 127.95 129.46 123.4] 143.10 523.92 
Mean 10.66 10.78 10.28 11.92 10. 91 
Table 5. Analysis of variance 
Source of 
variation dF ss MS F 
Total 48 6,904.71 
Mean 1 5,718 . 58 
Rep . 3 1 7.95 5.98 
Treat. 11 815 . 54 7 4 .1 4 6.94** 
E. Error 33 352 . 64 1 0.68 
**Significant at 1 percent l evel . 
cv = 45.5 percent . 
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Table 6. Results of O.M and total nitrogen in soil, Evans 
Farm. Long-term corn experiment 
Treatment Total 
number O.M.% O.C.% N% C/N 
l 3 . 13 l. 64 .136 12.05 
2 3. 67 l. 93 .133 14 . 51 
3 4. 5 2.36 .14 16.85 
4 4.63 2.43 .135 18.00 
5 4.73 2.48 .113 21.94 
6 4. 0 2.1 .123 17 . 07 
7 4.37 2.3 .13 17.69 
8 4.46 2.34 .132 17.72 
9 4.99 2.62 .14 18.71 
10 4 . 88 2.56 .135 18.96 
11 3.11 l. 63 .131 12.44 
12 4.59 2 . 41 . 131 18.39 
Total 51.06 26.80 l. 579 204.33 
Mean 4.25 2.23 .131 17.02 
Organic matter cv - 14 . 1 percent. 
Total nitrogen - cv 5.42 percent. 
effects were highly significant. The average percent of N 
ranged from 0.77 percent to 1.2 percent related to treatment 
effects. 
The relation between the plant performance and various 
N soil tests was determined by means of correlation analysis . 
The coefficients of determination for this re l ation for the 
corn crop and soil are given in Table 13 . 
Table 7. Corn yield fresh weight lbs/plot , Evans Farm. 
Long-term corn experiment 
Treatment Re.e l ications 
number 1 2 3 4 Total 
1 64. 5 85 68.5 76 294.0 
2 126.5 124 119.5 114 484 
3 134.5 133 129 137.5 534 
4 65.0 74 81.5 75 295.5 
5 113.5 122 131.5 123 4 90 
6 126.0 126 . 5 131.5 135 519 
7 63 91 92 85.5 331.5 
8 121. 5 128 . 5 133.5 126 509.5 
9 131 143 124.5 131 529.5 
10 74.5 75 77.5 79.5 306.5 
11 70.5 82 . 5 86.5 81 320.5 
12 80 107 . 5 90.5 92 370 
Total 1,170 . 5 1,292 . 0 1,255.5 4,984.0 
Mean 97 . 54 107.66 105.5 
Table 8. Analysis of variance 
Source of 
variation dF 
'l'otal 48 
Mean 1 
Rep. 3 
Treat. 11 
E. Error 33 
**Significant at 1 percent leve l. 
CV = 24 . 5 percent . 
104.62 
ss MS 
549,486 
517,505.33 
6 92 .1 9 
29,005.72 2 , 636.88 
2 , 282 .7 6 69.17 
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Mean 
73. 5 
121 
133.5 
73.87 
122.5 
129.75 
82.87 
127.37 
132.37 
76.62 
80.12 
92 . 5 
103.83 
F 
38.12** 
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Table 9. Corn yield dry weight lbs/plot, Evans Farm. 
Long-term corn experiment 
Treatment ReElications 
number l 2 3 
l 31.3 6 40.37 35.11 
2 60.88 71. 24 73.99 
3 58.01 63.61 57.77 
4 29.70 35.15 41.36 
5 61.38 57.60 64.84 
6 56.00 59.15 60.81 
7 31.03 43.43 48.28 
8 57.01 59.95 65.39 
9 62.46 65.49 54 .46 
10 43.41 36.21 35.95 
11 46.63 38.47 43.50 
12 38.38 51.51 42.28 
Total 576.25 622.18 623.74 
Mean 48.02 51. 84 51. 97 
Table 10. Analysis of variance 
Source of 
variation dF 
Total 47 
Rep. 3 
Treat. 11 
E. Error 33 
**S1gn1f1cant at l percent level. 
CV = 8.9 percent. 
4 Total Mean 
36.32 143.16 35. 79 
60.83 266.94 66.74 
61.04 240.43 60 .11 
36.62 142.83 35.71 
67.08 250.90 62.72 
61.70 237.66 59.41 
41.31 164.05 41.01 
57.65 240.00 60. 00 
57.58 239.99 60.00 
40.54 156.11 39. 03 
39.75 168.35 42.09 
44.35 176.52 44. 13 
604.77 2,426.94 
50.39 
ss 
6,925.34 
121.74 
6,133 .5 8 
670.02 
50.56 
MS F 
40.58 
557. 60 27. 46** 
20.3 0 
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Table ll. Percent nitrogen in corn, Evans Farm. Long-
term corn experiment 
Treatment Reelications 
mmtber l 2 3 4 Total Mean 
l .62 .74 . 65 l. 06 3.07 .77 
2 .39 . 98 l. 14 .82 3.83 .96 
3 l. 24 . 99 l. 20 l. 20 4.63 1.16 
4 .65 .65 .80 . 88 2.98 . 74 
5 l. OS 1.18 l. 04 1.16 4.43 1.11 
6 l. 20 l. 15 l. 15 l. 21 4.80 l. 20 
7 . 65 .73 .90 .70 2. 98 .74 
8 l. 02 l. 03 l. 07 l. 07 4.19 l. OS 
9 l. 26 .92 l. 24 l. 25 4.67 1.17 
10 .73 . 72 .80 .69 2.94 .74 
11 l. 02 .73 .84 .80 3.39 . 85 
12 .79 l. 22 .')5 .78 3.74 . 94 
Total ll. 21 11.0-1 ll. 78 ll. 62 45.65 
Mean . 93 . 92 . 98 .96 .951 
Table 12. Analysis of variance 
Source of 
variation dF ss MS F 
Total 47 2.03 
Rep. 3 .03 .01 
Treat. 11 l. 45 .132 7.89** 
E. Error 33 .55 .0167 
**Sign1ficant at . 01 level. 
cv = 13.6 percent. 
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Table 13. Coefficients of determination between soil measure-
ments and plant performance 
Plant Fresh Dry N% in 
Soil yield yield corn 
R2 
.973** 2 N0 3-N r .685** 
2 
r . 85** 
2 
. 129 2 . 38 2 OM r r r .087 
!-line. 2 .04 2 .02 2 tl r r r .02 
Total N r2 .008 r 2 .00008 2 r .13 
These correlations indicate that the mineral N0 3-N is 
a good index for soil N supplying power. The graphs for the 
relation between N03-N of the soil and the corn yield fresh 
weight, dry weight and N percent of corn is given in Figures 
1, 2, and 3 respectively. There was a good multiple correla-
tion between the corn yield, fresh weight, and the N0 3 -N with 
R2 .973. The relationship was curvilinear and the regres-
sion equation was expressed by: (Figure 1) 
Y = -29.92 + 19.32X- .56X 2 . 
The coefftcient of determination for this relation indicates 
that 97.3 percent of the variation in the fresh yield was 
accounted for by the content of No3-N present in the soil, 
68.5 percent and 92 percent for the dry yield and N percent in 
corn respectively as Figures 2 and 3 indicate. Several 
investigators (21, 27, 35 , 42, 50, 51) have shown that easily 
extractable mineral N in the soil profile influences the 
23 
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yields of cereals and their response to N fertilizer. For 
example in Manitoba (41) it was found that the amount of 
N03-N in the soil profile was a very good test for predicting 
cereal responses to N, and, subsequently , it has been used as 
a soil test for available N in that province since 1963. The 
data presented in this experiment stress the importance of 
N03-N in the soil as a source of available-N to crops and 
the fact that it should not be ignored when making fertilizer 
recommendations. 
The coefficients of determination , for the mineralizable 
-N, organic matter, and the total N in the soil with the plant 
response were not significant . 
According to Harmsen and Van Schreven (19) the total N 
content of soils differing in type provide little indication 
as to the relative capacities of the soils to supply N. The 
total soil N did not ref l ect the N-supplying capacities of 
soils included in the present study. Beaton et al. (5) found 
that the Correlation Coefficients (r) obtained for C-N ratio, 
total N and OM in the soil were not significant. Various 
investigators , Fraps (14) and Cornfield (8) h ave concluded 
that a genera l r e l a t ionship exists between a t otal N in 
organic matter content of the soil and its abi l ity to supp l y 
N to crop. Fr om the foregoing results , it seems possible 
that the reason why there has been no sign i ficant differ ence 
between the treatments for the minera li zabl e - N is the his-
tory of the fe r tility and cropping of t hose p l ots . In other 
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words, there is about the same amount of organic matter in 
8 treatments out of 12 with coefficent of variation of 14.1 
percent, and about the same thing for the total N with 
coefficient of variation of 5.42 percent. These two measure-
ments affect the capability of the soil to provide N03-N 
during the incubation, since the major contribution of soil 
organic matter to soil fertility is that it supplies a 
considerable quantity of N for plant growth and acts as a 
natural storehouse for this important nutrient. But the 
significant correlations were between plant performance and 
N03-N in the soil. 
Corn following alfalfa 
Table 14 contains the results of the mineralizable-N 
in the soil samples. The analysis of variance is included 
under Table 15. This analysis indicated that there was no 
significant difference between the treatments. 
Table 16 contains the results of the No 3-N in the soil 
as well as the analysis of variance of these results. There 
was a significant difference between the treatments as 
indicated in Table 17 . 
Table 18 contains some other related results for the 
organic matter and the total N with the resu l ting values for 
the C/N ratio. There was not much variation between these 
results, with coefficient of variance 3 . 18 percent for the 
organic matter and 3.59 percen t for the total N. The range 
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Table 14. Results of the mineralizable -N in soil, Evans 
Farm. Corn following alfalfa, ppm 
Treatment Replications 
lbs/Acre N 1 2 3 4 Total Mean 
0 31. 81 21. 97 21. 21 18.94 93. 93 23.48 
50 28. 02 29.54 25.30 34 . 84 117.7 29.42 
100 31.81 19.69 25.75 49.23 126.48 31. 62 
200 54.53 23. 48 28.78 18.18 124.97 31. 24 
Total 146.17 94.68 101. 04 121.19 463.08 
Mean 36.54 23. 67 25.26 30.29 28.94 
Table 15. Analysis of variance 
Source of 
variation dF ss MS F 
Total 16 1,581.96 
Rep. 3 403.82 
Treatment 3 170.01 56.67 .51 
E. Error 9 1 ,008.13 112.01 
of the organic matter content was 4.46 percent to 4.84 percent 
with a mean of 4.58 percent. The range for the total N was 
.137 percent to .152 percent with a mean of .145. 
Table 19 contains the corn harvest r esults as fresh 
weight pounds per plot and the analysis of variance of these 
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Table 16. Results of the nitrate -N in soil, Evans Farm. 
Corn following alfalfa, ppm 
Treatment ReJ2lications 
lbs/Acre N l 2 3 4 Total Mean 
0 9.08 9.08 9.84 10.60 38.6 9.65 
50 10.60 15.15 13.63 10.60 49.97 12.49 
100 17.42 27.26 21. 20 6.81 72.69 18.17 
200 16.66 21. 96 31. 81 30.29 100.72 25.18 
Total 53.76 73.44 76.48 58.30 261. 98 
Mean 13.44 18.36 19.12 14.57 16.37 
Table 17. Analysis of variance 
Source of 
variation dF ss MS F 
Total 16 5,245.26 
Mean l 4 , 289.59 
Rep. 3 93.32 31.1 
Treat. 3 564.22 188 5.67* 
E. Error 9 298.15 33 .1 2 
*Significant at 5 percent level. 
CV = 35 percent. 
data is in Table 20. The results indicate that there was 
a significant effect of fertilizer on fresh weight yield of 
corn over and above the results of alfalfa. Table 21 contains 
the percent of N in the harvested materials. The analysis of 
30 
Table 18. Results of O.M and total nitrogen, Evans Farm. 
Corn following alfalfa 
Treatment Total 
lbs/acre N O.M.% O.C.% N% C/N 
0 4.84 2.54 .144 17 . 63 
50 4.46 2.34 .148 15.81 
100 4.63 2.43 .137 17.73 
200 4. 8 2.52 .152 16.57 
Total 18.73 9.83 0.581 67.74 
Mean 4.68 2.457 0.145 16.93 
Organic Matter - cv - 3.18 percent. 
Total nitrogen - cv 3.69 percent . 
Table 19. Corn fresh yield lbs/plot following alfalfa, Evans 
Farm 
Treatment ReJ2lications 
lbs/acre N 1 2 3 4 Total Mean T/AC . 
0 210 250 260 214 934 233 . 5 28.25 
50 254 267 262 255 1,038 259 .5 31. 40 
100 264 263 263 253 1,043 260.8 31.56 
200 266 277 290 268 1,101 275.2 33.30 
Total 944 1,057 1,075 990 4,116 124.51 
Mean 236 264.25 268.75 247.5 257.25 31.13 
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Table 20. Analysis of variance 
Source of 
variation dF ss MS F 
Total lS 6,081 
Rep. 3 1,4ll.SO 470.SO 
Treat. 3 3,62l.S 1,207 . 17 10.37** 
E. Error 9 1,048.00 116 . 44 
**Significant at 1 percent level. 
cv = 4.2 percent. 
Table 21. Nitrogen cont<O'nt (percent dry matter) of corn 
followi.ng alfalfa, Evans Farm 
Treatment ReJ2lica tions 
lbs/acre N 1 2 3 4 Total Mean 
0 .86 .69 . 99 .8S 3 . 39 .8S 
so . 96 l. 04 l. 23 . 92 4.1S l. 04 
100 l. 02 1.16 l.lS l. 12 4,4S 1.11 
200 1.18 l. 18 l. 22 l. 17 4.7S l. 19 
Total 4.02 4.07 4.S9 4.06 16.74 
Mean l. oos l. 017 l. 147 l. OlS l. OS 
these data indicates that there was a significant treatment 
effect on N percent, Table 22 . 
Table 23 contains the harvest results in terms of dry 
weight yield. The analysis of variance indicated that the 
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Table 22. Analysis of variance 
Source of 
variation dF ss MS F 
Total 15 .37 
Rep . 3 .06 
Treat. 3 .26 
. 02 
.0867 
. 006 
14.45** 
E. Error 9 . 054 
**Significant at 1 percent level. 
cv = 7.4 percent. 
Table 23. Dry matter production lbs/plot in corn following 
alfalfa, Evans Farm 
Treatment ReElications 
N lbs/acre 1 2 3 4 Total Mean T/acre 
0 54.9 59.26 54.89 49.92 218.97 54.74 6.62 
50 55.95 61.88 56.22 60.58 234 . 63 58.66 7.10 
100 62.87 60.77 61. 98 61. 60 247.22 61. 80 7.48 
200 59.15 56.94 65.97 59.38 241. 44 60.36 7.30 
Total 232.87 238.85 239.06 231.48 942.26 
Mean 58.89 
treatments had a very weak effect, as shown in Table 24. 
Removing moisture from the harvest materials very nearly 
eliminated any treatment influence because the excess amount 
of N in the soil _delayed the maturity of the plant. The 
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Table 24. Analysis of variance 
Source of 
variation dF ss ~1S F 
Total 15 230.59 
Rep. 3 ll. 47 3.91 
Treat. 3 11.66 37.22 3.12* 
E. Error 9 107.19 11.91 
*Significant only at 10 percent level. 
cv = 5. 9 percent. 
average treatment effect, expressed in terms of yield dry 
weight tons/acre also included in Table 23 shows that yield 
increased from 6.62 T/A to 7.5 T/A with 100 pounds of N. 
This amounts to a yield increase of 13 percent when the N 
fertilizer was superimposed on residual N from alfalfa. 
The data on yield of N in the crop grown on old alfalfa 
ground is contained in Table 25. The analysis of these data 
indicates a very large tr~atment effect as shown in Table 26 . 
The average treatment effects, in terms of pounds of N per 
acre in the harvested material, increased from lll pounds per 
acre to about 175 pounds per acre. Thus, the increase in 
yield of N was 56 percent with 200 pounds of N fertilizer 
superimposed on residual N from alfalfa. 
The relations between the plant performance and various 
N soil tests were determined by means of correlation analysis. 
The coefficients of determination for this relation for the 
corn crop and soil parameters are given in Table 27. 
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Table 2 ~ Nitrogen removed by corn lbs/plot following alfalfa, 
Evans Farm 
Treatment Replications 
lbs N/Acre 1 2 3 4 Total Mean Lbs/Ac. 
0 .47 .41 .54 .42 l. 82 .46 111.32 
so . 54 . 64 .69 .56 2.43 . 61 147.62 
100 . 64 .70 .71 .69 2.74 . 68 164.56 
200 .70 .67 .80 .69 2.86 .72 174.24 
Total 2.35 2.42 2.74 2.36 9.87 
Mean . 58 . 60 . 68 .59 .62 
Table 26. Analysis of variance 
Source of 
variation dF ss MS F 
Total 15 .194 
Rep. 3 . 025 .0083 
Treat. 3 .156 .052 37.14** 
E. Error 9 . 013 . 0014 
**S~gnificant at 1 percent level. 
cv ; 17.75 percent. 
These correlations in Table 27 indicate that the N03-N 
as well as the mineralizable-N are good indexes for soil N 
supplying power. The graphs for the relation between N03-N 
of the soil and the fresh corn weight, N content in corn, dry 
corn weight, and the N removed by corn are given in Figures 
4, 5, 6 and 7. The multiple coefficient of determination 
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Table 27. Coefficient of determinations between soil measure-
ments and plant performance 
Plant Fresh Dry N percent N removed 
Soil weight weight in corn by corn 
N03 2 .783 R2 = . 994* 2 . 934 R2 .951 r R 
2 
.08 2 =-.165 2 .30 2 .081 OM r r r r 
Min. 2 .855* 2 .958* 2 .916* 2 .95* N r r = r r 
Total 2 .005 2 =-.003 2 .016 2 .006 N r r r r 
indicate that 99.4 percent of the variation in the dry weight 
of corn was accounted for by the content of N03 -N present 
in the soil (Figure 6) and the relation was curvilinear. 
Figures 4, 5, and 7 indicate that 78.3, 93.4 and 95 percent 
of the variation in the fresh corn weight, N content in corn, 
and the N removed by corn was also accounted for by the con-
tent of N03-N present in the soil. The lack of significance 
of some of the coefficients of determination in Table 27 was 
due to the small degree of freedom in this experiment. 
These high values could be more significant if we had more 
observation as the first experiment indicated. 
The graphs for the relation between mineralizable-N and 
the fresh weight, N percent in corn dry weight and the N 
removed by corn are given in Figures 8, 9, 10, and 11. 
By combining the mineralizable-N and the N03 -N and 
correlating them with the fresh yield the R 2 = .927 and the 
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resulting regression equation: 
Y = 15.93 + .279X1 + .l05X2 
where: xl mineralizable-N 
x 2 N03 -N 
Y = es timated fr esh yield. 
This resulting R2 value indicates some gain by using the 
multiple correlation over the simple correlations as indicated 
in Figures 4 and 8 and Table 27. The same thing was found 
wi th the dry weight where R2 = .96 and the regression equation: 
Y = 35.68 + . 807X1 - .0099X2 
and this gave no gain over the simple correlation (Table 27). 
Also this kind of calculation was done for the N percent in 
corn and the N removed by corn and there was no gain by 
using the multiple correlation of No3-N plus mineralizable-N. 
The coefficient of determination between No3-N and the 
mineralizable-N of the soil in this experiment R2 .933 
as Figure 12 indicates . 
The total N percent and the organic matter in the soil 
did not correlate with any of the plant parameters in this 
experiment as the coefficients of determination in Table 27 
indicates. 
The results of this experiment at Evans Farm seem to 
be different than the first experiment in terms of the 
relationship between the mineralizable-N and the plant 
performance. In this experiment there was a good correlation 
between the plant performance and the N03-N as well as the 
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mineralizable-N. One of the important considerations regarding 
N fertilizer recommendations is the role of legumes, such as 
alfalfa which was grown on this site for three years before 
planting the corn. N added by legumes to the soil will 
affect the growing plant as well as the soil mineral-N. 
Russell (34} concluded that a good stand of alfalfa may add 
between 150 and 200 pounds of N to the soil annually. 
Schmidt et al. (38} in Minnesota have reported experiments in 
which yields of corn and wheat grown for three years on plots 
which had been in alfalfa one yenr were compared with the 
yields obtained from additions of NH 4No3 to plots previously 
cropped to oats. They found that the N contribution from 
alfalfa during three crop years was equivalent to the amount 
obtained from 160 pounds of N applied as fertilizer. Similar 
results were obtained with oats in Colorado (16}. First year 
corn following three years of alfalfa, yielded 31.7 bushels 
per acre more than corn on soil which had not been in alfalfa. 
Second year yielded 11.8 bushels more. 
By comparing the results of this experiment with the 
results of the first one, it could be concluded that although 
the mineralizable-N had a good correlation with the plant 
performance (probably because of the effect of alfalfa in 
the second experiment} the No3 -N alone is a good index for 
the N supplying powe r of this soil whether or not a lfalfa 
was involved. This conclusion satisfies one of the major 
objectives of this thesis. 
SUMMARY AND CONCLUSIONS 
The main objective of this study was to evaluate the 
availability of the organic N using an incubation method. 
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The soil No3-N, total N percent and the organic matter were 
also determined. The soil (Nibley, silty, clay loam, an Aquic 
Argiustoll) which was used in this study, came from Evans 
Research Farm. The samples were taken in October-November, 
1973, after the crop had been harvested and were from two 
different N experiments which were adjacent to each other. 
These two experiments had different cropping histories: the 
first one had continuous corn for four years, the second one 
had alfalfa for three years prior to corn. 
The crop performance results were correlated with the 
mineralizable-N as well as the N03-N in the soil. The results 
of the first experiment indicated that there was no corre-
lation between the mineralizable-N and the crop performance, 
but there was a good correlation between the N03-N and crop 
yield. The results of the second experiment indicated that 
there was a good correlation between the crop performance 
and the mineralizable-N as well as the N03-N. 
The difference in the ability of mineralizable-N to 
predict crop needs was probably because of the different kind 
of organic matter in these two sites. The soil organic 
matter in the first experiment was affected by the corn 
residue which is less likely to release N than the alfalfa 
residue in the second experiment. It was concluded that 
cropping history could be used as a guideline as to whether 
mineralizable-N should be tested as an indication of the 
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soil N availability. In situations where the cropping history 
is unknown, No3-N could be used exclusively since it was a 
good fertility predictor in both of these field experiments. 
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APPENDIX A 
General Soil Characteristics 
The field research of this study was conducted at the Utah 
Agriculture experiment station at Evans Farm, Utah. The 
United States Soil Conservation Service has classified this 
soil as Nibley series, silty clay loam texture, 0-1 percent 
slope. This site of Evans Farm has been cropped with corn 
for several years. Some of the plots have been cropped 
with alfalfa for three years prior to this experiment. The 
soil in the field is well drained and has no water table. 
The surface foot of the soil is a dark brown, silty clay 
loam, consisting of 7 percent sand, 53 percent silt and 
39.6 percent clay. The sand fraction contains .1 percent 
very coarse sand, .2 percent coarse sand, 2. 7 percent fine sand 
and 3.4 percent very fine sand . The percent organic carbon 
2.23-2.45 for the first foot. The soil pH was 7 . 6 in saturated 
paste and 8.7 in 1:5 soil solution ratio. The cation exchange 
capacity was 29.3 meq/100 grams of soil in the surface foot. 
The electrical conductivity was .85. 
APPENDIX B 
The procedure which was followed in this research 
+ was designed so the NH 4 and the N03 be determined to see 
+ whether the NH 4 affects the results and it was found that 
+ . . NH 4 l.S l.n very small amounts in this soil so its amounts 
were not reported. 
Procedure 
Mix a 10 g sample of air dried soil ( < 2mm) with 3 0 g 
of acid-washed, 30 to 60 mesh quartz sand in 250 ml beaker, 
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wide mouth, square bottle containing 6 ml of water. Distribute 
the mixture evenly over the bottom of the bottle gently to 
level the surface of the mixture when the transfer has been 
completed. Fit the neck of bottle with a solid rubber stopper 
and place the bottle in a constant - temperature cabinet at 
30°C for 14 days. l'lake the aeration four times during the 
period by opening the solid rubber stopper for 2 to 3 minutes, 
and weigh the bottle to substitute losing moisture. At the end 
of this period, remove the stopper, add 100 ml of 2 N KCl 
and fit the neck of the bottle with the solid rubber stopper. 
Shake the bottle for 1 hour on a mechanical shaker , and allow 
the suspension to stand until the soil-sand mixture settles 
and the supernatant liquid is clear (usually about 30 minutes) . 
Pipette an aliquot (usually 20 ml) of the supernatant liquid 
into 100 ml distillation flask using a pipette with a wide tip , 
and determine the amount of NH 4 and N03-N as follows: 
Magnesium oxide-Devarda alloy method of soil extracts : 
Special apparatus : 
1. Steam-distillation 
2. Distillation flasks 
3. Microburette, 5 ml graduated at .01 ml interva l s 
Reagents : 
l. Magnesium oxide (HgO) 
2. Boric acids - indicator solution (H3Bo3 ) 
3. Devarda alloy 
4. Sulfuric acid (H 2S0 4 ) 0.00541 N Standard 
5. Standard (ammonium+ nitrate)-N. solution 
Procedure: 
1. Ammonium- N: Add 5 ml of H3Bo; indicator solution to 
125 ml flask which is marked to indicate a volume of 30 ml 
and place the flask under condenser of the steam-distillation 
apparatus so that the end of the condenser is about 4 em 
above the surface of the H3Bo3 . Pipette an aliquot 20 ml 
of the soil extrac t in a distillation flask, and add 0.2 g 
of MgO through a dry powder funnel having a long stem that 
reaches down into the bulb of the flask . Attach the flask 
to the steam distillation apparatus, and immediately commence 
steam distillation by closing the stopcock on the steam-
bypass tube of the distillation apparatus. When the dis-
tillate reaches the 30 ml mark on the receiver flask, stop 
the distillation by opening the stopcock on the steam bypass 
tubes, rinse the end of the condenser, and determine ammonium-N 
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in the distillate by titration with 0.00541 N H2so4 from a 
microburette. The color change at the end point is from green 
to a permanent, faint pink. 
2. Nitrate: To the same sample in step l add 0.2 g 
Devarda alloy. After taking the flask of the ammonium-N 
to the distillation flask and proceed as described in the 
first step. 
Determination of total N percent in the soil 
Special apparatus: 
1. Macro-Kjeldahl digestion flasks (800 ml) 
2. Macro-Kjeldahl digestion stand. 
3. Macro-Kjeldahl distillation apparatus. 
Reagents: 
l. Sulfuric acid (H 2so4 ) concentrated 
2. ~otassium sulfate (K 2so4 l 
3. Copper sulfate (Cuso 4 .SH 20l 
4. Selenium 
5. Sodium hydroxide (NaOH) approximately 10 N: 
Place 4.2 kg of NaOH in a heavy-walled 10-liter pyrex flask, 
and add 4 liters of water, and swirl the flask until the 
alkali is dissolved. Cool the solution with a rubber solu-
tion with a rubber stopper in the neck of the flask to prevent 
absorption of atmospheric co 2 and allow it to stand for 
several days to permit any No 2co3 present to settle. Siphon 
the clear supernatant liquid into a large pyrex bottle which 
contains about 1.5 liters of co2-free water and is marked to 
indicate a volume of 10 liters , and make the solution to 10 
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liters by addition of co 2-free water. Then swirl the bottle 
vigorously to mix the contents, and fit the neck with some 
arrangement which permits the alkali to be stored and 
dispersed with protection from atmospheric co2 . 
6 . Boric acid - indicator solution: Place 80 g of pure 
boric acid (H3Bo3 ) in a 5 liter flask marked to indicate a 
volume of 4 liters, add about 3800 ml of water and heat and 
swirl the flask until the H3Bo3 is dissolved. Cool the 
solution and add 80 ml of mixed indicator solution prepared 
by dissolving 0.099 g of bromocresol green and 0.066 g of 
methyl red in 100 ml of ethanol . Then add 0.1 N NaOH 
cautiously until the solution assumes a reddish purple tint 
and make the ~olution to 4 liters by addition of water. Mix 
the solution thoroughly before use. 
7. Sulfuric acid (H 2so4 ) 0.075 N standard . 
Procedure: Place a sample of soil 10 gr in a dry macro Kje-
ldahl flask, add 20 ml of water, and after swirling the flask 
for a few minutes, allow it to stand for a further 30 minutes. 
Then add 10 g of K2so4 , 1 g of cuso4 .sH2 0.0 .l g of Se and 
30 ml of concentrated H2so4 and heat the flask cautiously 
on the digestion stand. When the water has been removed and 
frothing has ceased, and thereafter boil the mixture gently 
for 30 to 35 minutes. Regulate the heating during this 
boiling so that the H2so4 condenses about one-third of the way 
up to the neck of the flask. 
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After completion of digestion, allow the flask to cool, 
and add about 400 ml of water (slowly and with shaking). 
To determine the ammonium-N liberated by digestion, place a 
500 ml Elemmeyer flask containing 50 ml of H3Bo3 indicator 
solution under the condenser of the distillation apparatus 
so that the end of the condenser is below the surface of the 
H3Bo3 . Then hold the flask at a 45° angle, add about 1 g 
of zinc and pour about 75 ml of 10 N NaOH down the neck so 
that the alkali reaches the bottom of the flask without 
mixing appreciably with the digest. Attach the flask as 
quickly as possible to the distillation apparatus, mix the 
contents thoroughly by swirling and immediately commence 
distillation. Regulate the heating to prevent stock back 
of the H3Bo 3 and to minimize frothing or bumbling during 
distillation, and check that the flow of cold water through 
the condenser is sufficient to keep the temperature of the 
distillate 35°C. When about 150 ml of distillate has 
been collected lower the receiver flask so that the end of 
the condenser is above the surface of the distillate and 
after rinsing the end of the condenser with water, remove 
the flask and stop distillation. Determine ammonium-N in 
the distillate by titration with 0.075 N H2so4 . The color 
change at the end point is from green to pink. 
Measuring the organic matter in the soil 
Naterials: 
1. Potassium dichromate (K 2cr2o7 ): Dissolve 49.04 g 
of reagent-grade K2cr 2o7 (dried at lOS
0
c) in water and dilute 
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the solution to a volume of 1,000 ml. 
2. Ferrous sulfate (Feso 4 . 7H 20) solution 0.5N: 
Dissolve 140 g of reagent.grade Feso4 . 7H 2 0 in water, add 
15 ml of concentrated H2so4 . Cool the solution, and dilute 
it to a volume of 1,000 ml. 
3. Sulfuric acid concentrated (not less than 96 percent). 
4. Potassium perrnanganate KMN0 4 . Standardized, lN. 
Dissolve exactly 31.608 g of KMn0 4 in 300 ml approx of water, 
heat and stir to dissolve the solid, cool, and make up to l 
liter. Allow the solution to stand for 24 hours, filter 
through glass, wood or abestos pad. Standardize with sodium 
oxolate solution above 70°C self-indicating. 
5. Erlenmeyer flasks, strong light to titrate the mixture. 
Procedure: 
1. Grind about 5 grams of each sample of the soils in 
a mortar until the soil is very fine. Measure about l g 
of each sample exactly into each of the Erlenmeyer flasks 
(500 ml sizet. In addition, carry along one blank flask. 
The blank flask will go through all steps in the process 
with the exception that no soil will be placed in it. 
2. Add exactly 10 ml of the potassium dichromate reagent. 
Mix the suspension by swirling the flask. While holding the 
flask in the hood add rapidly 20 ml of concentrated sulfuric 
acid. Continue swirling to mix the suspension very thoroughly. 
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3. Mix occasionally while the suspension cools, then 
dilute the suspension to about 200 ml with distilled water 
and add exactly 50 ml of the ferrous reagent. Mix the 
titrate over a strong light with the standardized potassium 
permanganate solution. Titrate to the first persistence of 
the light red color in the suspension. Record the ml of 
permanganate solution used. 
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